The so-called Mediterranean diet has become widely associated with improved health and well-being, as well as with protection against cardiovascular diseases and colon, breast and skin cancers. This diet is not only synonymous with increased consumption of fruits and vegetables, but also with a high intake of olive oil and olive products. The beneficial effect is attributed to a favorable fatty acid profile and to the presence of some minor components that are also responsible for the unique flavor and taste of olive oil. 1) Interest in the olive leaf and its chemical constituents has recently been increasing. Its benefits, however, have been known for centuries: ancient Egyptians used olive leaves for mummification, others as a folk remedy for ''fevers,'' while the British used them to treat malaria in the 1800s.
2) They have also been traditionally used to treat and prevent hypertension and for their hypoglycemic, antiseptic and diuretic properties.
3) Extracts from olive leaves have also been found to have antioxidative, 4) anti-inflammatory 5) and antimicrobial activities against bacteria, fungi and mycoplasma. [6] [7] [8] [9] An olive leaf extract has also recently been shown to inhibit the in vitro infectivity of the viral haemorrhagic septicaemia virus, a salmonid rhabdovirus, 10) and the acute infection and cell-to-cell transmission of HIV-1 in a dose-dependent manner. 11) The beneficial properties of olive leaf extracts are further enhanced by the bioavailability of their polyphenolic constituents, which are readily absorbed through the gastrointestinal tract, resulting in significant levels in the circulation system. 4, 12) The human promyelocytic leukemia HL-60 cell line is considered a most appropriate model for studying cellular differentiation in vitro. 13 14,15) These compounds, among others, are used as chemotherapeutic agents for acute promyelocytic leukemia (APL); however, effective doses of these drugs also produce objectionable side effects, physiological toxicity and drug resistance.
As an alternative approach to this APL treatment, inducing the differentiation of leukemia cells is favored because cells exposed to chemical or biological inducers of differentiation do not undergo the cytodestruction associated with cytotoxic agents; instead, they acquire the phenotypic characteristics of end-stage adult cell forms and undergo programmed cell death. 18) However, there is a need to identify nontoxic differentiation inducers, particularly from natural and food sources, to be used not only as safe chemotherapeutic agents but for prophylactic purposes as well.
In this study, HL-60 cells were incubated with ethanol extracts of the leaves from seven principal Tunisian olive (Olea europaea) varieties, namely, Chemchali, Chemlali, Chétoui, Gerboui, Sayali, Zalmati and Zarrazi, to determine their antiproliferative effects and potential to induce differentiation in these cells. The bioactive constituent in the extract responsible for this differentiation was also determined.
Materials and Methods
Sampling and sample preparation. The olive leaves used for this study were obtained from the seven principal Tunisian varieties, Chemchali (C1), Chemlali (C2), Chétoui (C3), Gerboui (G), Sayali (S), Zalmati (Z1) and Zarrazi (Z2), grown in various regions of Tunisia. Ten grams of dried olive leaves were ground with a mortar and pestle and then added to 100 ml of 70% ethanol. The mixture was allowed to stand for at least one week at room temperature and then filtered using a 0.45-mm filter (Millipore, Japan). Each extract was stored at À80 C until needed.
Cell maintenance. HL-60 cells were obtained from the Riken Cell Bank (Tsukuba, Ibaraki, Japan) and grown in phenol-red-free RPMI 1640 medium (Gibco) supplemented with 10% heat-inactivated fetal bovine serum (FBS, Sigma) and 1% penicillin (5000 IU/ml)-streptomycin (5000 ml/ml) solution (ICN Biomedicals) at 37 C in a 5% CO 2 atmosphere. The medium was replaced every two days after checking the cell growth under a microscope.
Cell proliferation assay. At approximately 60-80% confluence, the HL-60 cells were harvested and seeded onto 96-well plates at 2 Â 10 4 cells per well in 100 ml of medium. After an overnight incubation, samples were added to obtain final dilutions of 1/100, 1/500, 1/1000 and 1/10000. The final ethanol concentration was less than 1% at 1/100 dilution. The cells were then cultured for 48 h, followed by the addition of 10 ml of 5 mg/ml 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Dojindo). After 24 h of incubation, 100 ml of 10% sodium dodecyl sulfate (SDS) was added before incubating for another 24 h to completely dissolve the formazan produced by the cells. The absorbance was then spectrophotometrically determined at 570 nm using a multidetection microplate reader (Powerscan HT, Dainippon Pharmaceutical, USA). Blanks were prepared at the same time to correct for the absorbance caused by sample color and by the inherent ability of the samples to reduce MTT in the absence of cells.
DNA fragmentation assay. HL-60 cells (5 Â 10 6 cells in 10 ml of medium) were incubated in Petri plates for 19 h in the presence of OLEs at 1/100 dilution. The cells were harvested by centrifugation and the supernatant was discarded. The cells were then resuspended in 1 ml of Ca þ -and Mg þ -free phosphate-buffered saline (PBS-) and transferred to 1.5-ml Eppendorf tubes. DNA was extracted with a commercial DNA purification kit (Wizard Genomic DNA, Promega). The DNA quantity and purity were determined at A 260 /A 280 . One microgram of a DNA sample in TE buffer together with 10 ml of a molecular weight marker solution (/Hind III, Wako) (500 ng/ml) were mixed thoroughly with 2 ml of loading buffer (Wako) and then loaded onto a 2% agarose gel. DNA electrophoreses was carried out at a constant voltage of 100 V for 25 min. The DNA was observed under ultraviolet illumination after staining the gel with ethidium bromide.
Cell differentiation assays. HL-60 differentiation was assessed with the NBT assay and the double-staining esterase assay. The NBT reduction ability was determined by the method of Takeda et al. HL-60 cells (2:7 Â 10 6 cells in 10 ml of medium) were incubated overnight in Petri plates in the presence of OLEs at 1/100 dilution. 19) The cells were then harvested, adjusted to 2 Â 10 5 cells/ml and resuspended in the culture medium with 0.1% nitroblue tetrazolium chloride (NBT, Wako). The obtained cell suspensions were then seeded in 24-well plates and incubated at 37 C for 2.5 h. The percentage of cells containing blue-black formazan deposits was determined by counting at least 200 cells under a phase-contrast microscope. Double-staining esterase assay. For the double-staining esterase assay, HL-60 cells (6 Â 10 4 cells per well in 300 ml of medium) were seeded on 8-well Lab Tek Ò chamber slides (Nalge Nunc International, Apolgent Technologie Company, USA). After an overnight incubation, OLEs were added at 1/100 dilution and the cells were further incubated for 24 h. The cells were then fixed in a mixture of 25 ml of citrate, 65 ml of acetone, and 8 ml of 37% formaldehyde (CAF). To identify the specific and nonspecific esterase activities, a commercially available kit (Sigma-Aldrich, St. Louis, MO, USA) was used. -Naphthyl acetate esterase (NAE) and naphtol As-D chloroacetate esterase (NCAE) were used to detect monocytes (black granulation) and granulocytes (red granulation), respectively. Experiments were also carried out on cells that had been incubated for 24 h with different concentrations of apigenin 7-glucoside (Fluka, USA; purity >97%), oleuropein (Extrasynthese, France; 100% purity) or both.
HPLC analysis of the olive leaf extracts. Phenols in each leaf extract were determined and quantified using a Jasco HPLC system equipped with a double plunger pump and diode array UV detector. A Lichrospher 100 RP-18 column (250 mm, 4 mm i.d., 5 mm particle size, Merck) maintained at 30 C was used. The mobile phase consisted of a mixture of water/phosphoric acid (99.5:0.5, v/v; solvent A) and methanol/water (50:50, v/v; solvent B). The gradient elution program used was as follows: 95%A/5%B in 0 min, 70%A/30%B in 25 min, 62%A/38%B in 40 min, 45%A/45%B in 45 min, 52.5%A/47.5%B in 5 min, and 100%B in 5 min; 100%B was maintained for 5 min until the run was ended. The quantification of total phenols was carried out at 280 nm using p-hydroxyphenyl acetic acid as internal standard, and the quantification of flavones was done at 335 nm using o-coumaric acid as internal standard. Triplicate determinations were made. The results for the two major compounds in the leaf extracts, namely, apigenin 7-glucoside and oleuropein, are expressed in both g/kg and mM (after 100-fold dilution).
Statistical analysis. Experiments were performed at least three times and data are shown as mean AE SD. Student's t-test was used to determine significance (p < 0:05).
Results
Antiproliferative effect of olive leaf extracts on HL-60 cells Figure 1 shows that at a 1/100 dilution, all OLEs exerted an antiproliferative effect on HL-60 cells after 48 h of incubation. This is shown by a significant (p < 0:05) decrease in the proliferation of the treated cells compared with the control. Sample C2 was the most potent among the seven extracts tested, followed by Z1 and Z2. The proliferation of cells treated with C2 did not exceed 60%. In addition, the results show that, for the cells treated with the S extract, the antiproliferative effect was dose-dependent.
Apoptosis induced by the olive leaf extracts
The ability of OLEs to induce apoptosis was examined by DNA fragmentation analysis. As shown in Fig. 2 , agarose gel electrophoresis revealed clear fragmentation of DNA from HL-60 cells treated with C1, C2 and Z1, whereas no DNA fragmentation was observed in the case of cells incubated with any of the other samples.
Cell differentiation by the olive leaf extracts All cells treated with OLEs showed NBT reduction ability and the values were significantly higher than those of the nontreated cells. The percentage of differentiated cells treated with the Gerboui extract was the highest at greater than 90% (Fig. 3) .
HL-60 cells treated with the OLEs except C2 and S showed red granulation, which is indicative of differ- entiation along the granulocyte lineage (Fig. 4) . The density and distribution of NCAE-positive cells were very clear for the cells treated with the Gerboui extract (Fig. 5) , thereby confirming the results obtained by the NBT reduction assay.
While there was no red granulation observed in the double staining esterase assay for the C2-and S-treated cells, more than 35% of these cells were NBT-positive. This can be explained by the nonspecificity of the NBT assay. Formazan deposits may occur in various mature leukocytes: neutrophils, monocytes, macrophages, lymphocytes and also in clumps of platelets. 20) HPLC analysis of the olive leaf extracts While a few minor compounds were found to be present in the OLEs, the two main compounds that were present in all the extracts and at relative high concentrations were apigenin 7-glucoside and oleuropein. These compounds were identified by comparing their retention times and UV-vis spectra with those of standards. Table 1 shows their concentrations in the different OLEs after a 100-fold dilution. On the basis of these findings, additional differentiation experiments were conducted.
Cell differentiation by apigenin 7-glucoside and oleuropein
Given that the Gerboui extract caused the most pronounced and highest percentage of differentiated cells (Figs. 3-5) , the concentrations of apigenin 7-glucoside and oleuropein in this OLE, as shown in Table 1 , were used as the basis for additional doublestaining esterase experiments with these pure compounds. Figure 6 shows that HL-60 cells treated with 2:4 Â 10 À6 mM oleuropein showed 38% differentiation. However, when this concentration was doubled to 4:8 Â 10
À6 mM, the percentage differentiation decreased to 14%. On the other hand, cells treated with 2:7{5:4 Â 10 À6 mM apigenin 7-glucoside showed up to 77% differentiation. When apigenin 7-glucoside and oleuropein were combined at concentrations similar to those in the Gerboui extract, which were 5:4 Â 10 À6 mM and 2:4 Â 10 À6 mM, respectively, the differentiation percentage increased to 88%. However, when the oleuropein concentration in this combination was doubled to 4:8 Â 10 À6 mM, the differentiation percentage decreased to 60%. These results show that apigenin 7-glucoside was mainly responsible for the Gerboui extract-mediated differentiation of HL-60 cells and that the oleuropein concentration in the extract influenced this differentiation because of the inherent cytotoxicity of oleuropein at high concentration.
Discussion
We have shown in this study that ethanol extracts of the leaves from seven principal Tunisian olive varieties could inhibit the proliferation of HL-60 cells (Fig. 1) and that this inhibition is directly associated with cellular differentiation (Figs. 3-5) . The results further show that this differentiation is generally towards the granulocyte lineage, as proven by the results of the double-staining esterase assay (Figs. 4 and 5) . We have also shown that the apigenin 7-glucoside present in the extracts is mainly responsible for this differentiation (Fig. 6) .
The concept of HL-60 differentiation with subsequent growth inhibition and apoptosis has been demonstrated in previous studies. The induction of growth arrest and HL-60 differentiation by 1,25-dihydroxy vitamin D 3 is considered well-established. 21) Mishima et al. 22) have also shown that the growth inhibition and apoptosis of HL-60 cells treated with water-or ethanol-extracted propolis were mainly attributable to the induction of granulocytic differentiation and that the results were similar to those induced by all-trans-retinoic acid. Kang et al. 23) have also shown that L-ascorbic acid induces differentiation of HL-60 cells mainly into granulocytes and that the growth inhibitory effect of L-ascorbic acid seemed to arise from the induction of differentiation. Thus, in this study, the growth inhibition of HL-60 cells treated with the olive leaf extracts can be attributable to differentiation-mediated cell cycle arrest and/or apoptosis. HL-60 cells halted in the G1 or S phase are able to differentiate normally. 24) As determined by reversed-phase HPLC, the olive leaves contained significant levels of flavonoids based on the aglycones apigenin, quercetin, kaempferol and hesperitin. 25, 26) However, the phenolic composition and concentration differ among different olive varieties, 27) which was confirmed during our HPLC analyses of the different OLEs. Our results show that some flavonoids were present in only a few of the extracts (data not shown); however, only apigenin 7-glucoside and oleuropein were present at relatively high concentrations in all of the extracts.
The flavonoids from olive leaves are known to have diverse biological activities 28) and may also be responsible for the pharmacological actions of olive leaves or, at least, for synergistically reinforcing those actions. 29) We found in this study that the apigenin 7-glucoside in the OLEs was mainly responsible for the HL-60 differentiation and that oleuropein exerted an influence over this differentiation. Apigenin has previously been found to be a potent antiproliferation and anticancer agent.
30) It has also been shown to induce apoptosis 31) and differentiation 32) in HL-60 cells. The results of this study suggest the health benefits and cancer protection derived from the consumption of olive products. Olive leaf extracts, particularly from the Tunisian Gerboui cultivar, are natural and generally safe, and may augment leukemia therapy or be used for leukemia prevention because of their ability to induce differentiation or death in immature hematopoietic cells. This finding is all the more significant, given the international focus on finding safe anticancer or cancerpreventive compounds from dietary sources. 
